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(57) Abstract: The invention relates to an epitaxial growing 
method for growing monocrystalline aluminum nitride from 
a mixture of nitrogen and aluminum vapors, said method 
comprising the following steps: a substrate (4) and a source 
of aluminum (5) are placed opposite to each other inside a 
growing chamber (3); said substrate is heated to a 
temperature ensuring the growth of monocrystalline 
aluminum nitride, whereby said temperature is maintained. 
Inside the growing chamber (3), the pressure of the mixture 
of nitrogen and aluminum vapors is maintained, whereby 
said pressure exceeds, by no more than 400 millibars, a 
lower threshold equal to the pressure generated within a 
closed space by a stoichiometric mixture of nitrogen and 
aluminum vapors formed by evaporation of the source 
material (5). The invention also relates to a growing chamber 
(3), whereby the material in contact with the source and the 
aluminum vapors of the surface inside said chamber is a 
solid solution of tantalum carbide in carbide. 
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(57) Pe$epaT: 

Cnoco6 snHTaKcaanBHoro BBipamHBaHHH MOHOKpHCTannHHe- 

CKOrO HHTpHJia aniOMHHHH H3 CMeCH a30Ta H napOB aJIIOMHHHH 

BKJiKj^aeT pa3MemeHHe b poctoboh KaMepe (3) jjpyr HanpoTHB 
Hpyra iiohjioxkh (4) h HCTOHHHKa (5) a jiiomhhhh f narpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h nonnoxKH 
( 4 ) , o6ecneHHBaio^Hx pocT MOHOKpucTanna HHTpana aniOMHHHH 
Ha noHJioxice ( 4 ) . Ilpn stom naBneHHe cmgch a30Ta h napoB 
aniOMHHHH b pocTOBOH KaMepe (3) nonnepxHBaioT b HHTepBane 
400 MHnnn6ap ot HHKHero 3HaneHH^ f paBHoro naBneHHio, co3- 
naBaeMOMy b 3 aMKHyTOM o6-BeMe cTexnoMeTpHHecKOH CMecBK) 
a30Ta h napoB anioMHHHJi, o6pa3yeM£ix ncnapeHHeM MaTepaana 

HCTOHHHKa ( 5 ) . 

ripeflnoxeHa pocTOBan KaMepa ( 3 ) , b kotopoh MaTepHan 

KOHTaKTHpyiOmeH C HCTOHHHKOM H napaMH aJlIOMHHHH noBepxHo- 

cth npencTaBJineT co6oh TBepBHH pacTBop Kap6*ma TaHTajia b 
TaHTajie. 
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CnOC06 SnHTdKCHdJlbHOrO BbipamHBaHHJI HHTpHfla anOMHHHH H 

pocTOBa^i KaMepa Hero, 

OBJ1ACTB TEXHHKH 

5 HacTonmee H3o6peTeHHe othochtch k c$epe npoH3BOflCTBa 

MOHOKpHCTannHHecKHX nojiynpOBORHHKOBNX Ma-repnanoB nnx 
3JieKTpoHHoii npoMHinneHHOCTH, h b nacTHOCTH, k srmTaKCHajiB- 

HOMy BHpamHBaHHK) H3 napOBOH $a3H HHTpHHa aJTIOMHHHH / 

HBJiHiomerocii nepcneKTHBHEiM MaTepnanoM hjih H3roTOBJieHHH 

10 yCTpOHCTB Ha OCHOBe nOBepXHOCTHHX aKyCTHHeCKHX BOHH , a 

TaKxe H30JiHpyiomHX nonnoxeK nrix nonynpoBojjHHKOBBix npn6o- 
poB, cnoco6HHx pa6oTaTB npH bhcokhx TeMnepaTypax . 

nPEflmECTBYIOmHH yPOBEHB TEXHHKH 

15 H3BeCTHbI CnOC06BI BbipamHBaHHH MOHOKpHCTaJlJlHHeCKOrO 

HHTpH^a aJIBDMHHHtf, OCHOBSHHHe Ha OCaX^eHHH H3 napoBOH $a3H 

HHTpHfla anioMHHHH, o6pa3yK>merocH Ha nonnosKe b pe3yjiBTaTe 
xHMH^ecKOH peaKqHH MeTannopraHHsecKoro coenHHeHHH aniOMH- 

HHH C aMMHaKOM • flOCTOHHCTBOM 3TOH rpynnbl CnOC060B HBHHeT- 

20 ck oTHOCHTenBHO HH3KaK TeMnepaTypa f okoho 1000°C, npn ko- 

TOpOH npOHCXO^HT pOCT MOHOKpHCTaJIJia / HO flOCTHraeMaH CKO- 

pocTB pocTa cjihhikom Mana nn^ npoMBimneHHoro BBipamHBaHHH 

06"BeMHbIX KpHCTaJIJIOB • 

K npyrofi rpynne cnoco6oB, HcnonB3yeMHX nnsi BHpanjHBa- 

25 HHH MOHOKpHCTanJIOB 6HHapHBIX COeflHHeHHH , B HaCTHOCTH Kap- 

SHfla xpeMHHH, ho eme He nonyHHBnmx nonxHoro pa3BHTHH npH- 
MeHHTenBHo k B&ipanjHBaHHio MOHOKpHCTannH^ecKoro HHTpnjja 

aJIKJMHHHH t OTHOCHTCH Cy6nHMaiJHOHHBie CnOC06H OCHOBaHHBie Ha 

peKOM6HHaqHH Ha nofljioxKe a30Ta h napoB anioMHHHH f nonyneH- 
30 hnx HcnapeHHeM MaTepHana HCTOHHHKa, b KanecTBe KOToporo 

HCIIOJlB3yK)T nOJIHKpHCTaiinHHeCKHH HHTpHR aJIK3MHHH5I • H3BeCTHOH 

oco6eHHocTBio HHTpHfla amoMHHHH jiBnneTCH to, hto ero TeMne- 
paTypa nnaBJieHHH, H3BecTHan tojibko TeopeTHHecKH, 3HanH- 
TenBHo BBime TeMnepaTyp&i , npn KOTopofi nponcxoflHT ero pa3- 
35 noxeHHe Ha cocTaBJunoniHe sjieMeHTH. IIosTOMy nepeHoc MaTe- 
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pnana HCTOHHHKa Ha nonnoxKy npoHcxoflHT c o6pa30BaHHeM 
a30Ta h napoB a jiiomhhhh , KOTopae 3aTeM peKOM6HHHpyK)T Ha 
nonnoxKe. Heo6xonHMHM ycnoBneM pocTa MOHOKpHCTanna xbtix- 
eTCH co3RaHHe pa3HOCTH TeMnepaTyp Mexny nojjnoxKOH h 6onee 

5 rOpHHHM HCTOHHHKOM. flJIH HarpeBa HCTOHHHKa HCnOHB3yeTCH 

HHnyKijHOHHBiH CBH HarpeBaTenb THrnn HCTO^HHKa , ctghkh ko- 
Toporo b 3tom cny*iae BBinonH^K)TC5i H3 aneKTponpoBonHoro Ma- 
Tepaana, jih6o o6hhhbih p63hcthbh£ih sneKTpHHecKHH HarpeBa- 

10 OCHOBHHMH npenHTCTBHHMH B BBipailJHBaHHH o6*BeMHHX MOHO- 

KpHCTannoB HHTpHfla a hiomhhhh 6onBraHX pa3MepoB cy6naMaqHOH- 
hhm MeTOROM ^BnneTCK He3HaHHTenBHaH ckopoctb pocTa, naxe 
npH TeMnepaTypax okojio 2000°C, h bhcoksh arpeccHBHocTL 
napoB anioMHHHH npn sthx TeMnepaTypax no OTHomeHHK) k MaTe- 
15 paany THrnn. H3BecTHO HcnonB30BaHHe t3khx MaTepaanoB KaK 
Bonb$paM, rpa^HT h rpa$HT, noKpHTHH nneHKoii Kap6Hjja KpeM— 

HaH6ojiee 6jih3khm k npeflnoxeHHOMy H3o6peTeHHH> KBjmeTCH 
cy6nHMaqHOHHHH cnoco6, onHcaHHHH b cTaTBe C. M. Balkas et 

20 al. "Growth of bulk AlN and GaN Single Crystals by 
Sublimation", Materials Research Society Symposium 
Proceedings Vol. 449, 1997. (CM. Banxac h np. 
"Cy6jiHMaijHOHHoe BHpamHBaHHe o6 f &eMHBix MOHOKpncTannoB AlN h 
GaN", ony6nHKOBaHHa^i b Tpyjjax CHMno3HyMa 06mecTBa nccne- 

25 flOBSHHH MaTepnanoB, tom 449, 1997, CIIIA) . B stoh paSoTe 
npHBORHTCH onncaHHe SKcnepHMeHTOB no B&ipa^KBaHHK) mohokph- 
CTannoB HHTpn^a anioMHHHH b rpa$HTOBofi KaMepe c pe3HCTHB- 
hhm HarpeBaTeneM. noHJioxxa ycTaHaBnHBajiacb b KaMepe aKCH- 

aJIBHO C nOBepXHOCTBK) HCTOHHHKa Ha pa3nHHHHX paCCTOHHHHX 

30 ot Hee b npejqenax ot 1 no 40 mm. B xo^e SKcnepnMeHTOB 6n- 
Jia ycTaHOBJieHa HenpHroRHocTB HHCToro rpa$HTa b KanecTBe 
MaTepnana j\nx. THrnn, kotophh pa3pymancH b pe3ynBTaTe pe- 
axijHH rpa^HTa c napaMH anioMHHHH npHBonHBrnefi k o6pa30BaHHK> 
KapSH^a amoMHHH* (A1 4 C 3 ). BBipamHBaHHe npoBOBHnocB c hc- 

35 noxiB30BaHHeM rpa$HTOBHX THrnea c noKpNTHeM H3 Kap6H^a 



WO01/11116^P PCT/RUOO/00331 

3 

KpeMHHH (SiC), KOTopae o6ecneHHBann bo3mo2CHOCtb oflHOKpaT- 
Horo npoBejqeHHK npoqecca npononxHTenbHOCTbio 10-15 nacoB 
npH TeMnepaTypax 6jih3khx k 2000°C. 3a sto BpeM* nponcxo- 
Hhjio pa3pymeHHe SiC hokphthh BCJieqcTBHe nu^y3un anroMHHHa: 
ckbo3b noKpwTHe h ero peaKqHH c rpa^HTOM. flnn nonyneHH* 
cTa6njiBHOH ckopocth HcnapeHH^i b KanecTBe MaTepnana hctoh- 
HHKa HcnonB30BancH npeccoBaHHBifi nopomoic nonHKpncTanjiHHe- 
CKoro HHTpnna a jijomhhhh , a b KanecTBe 3aTpaBo^Horo Kpn- 
CTanna no^JiosKH HcnonB30Banc5i Kap6nfl kpbmhhh • BBipanjHBaHHe 
ocymecTBn^nocB npn TeMnepaTypax b RHana30He 1950 - 2250°C 

H nponyBKe KaMepH a30TOM npH $HKCHpOBaHHOM RaBJieHHH 500 
TOpp (npH6jIH3HTeJTBHO 670 MHJTJlH6ap) . 

TaKoe naBJieHHe BBOflHMoro H3BHe a30Ta co3naeT 3Hann- 
TenbHHH h36htok a30Ta b cocTaBe napoBofi $a3M no cpaBHeHHio 
c cocTaBOM, nonynaromMMCH npn HcnapeHHH HHTpnna aniOMHHHH 
HCTOHHHKa, PacneT noKa3HBaeT, hto ^aBneHne napoB HHTpmja 
ajiiOMHHHH, o6pa3yiomHXCH b ycnoBH^x SKcnepnMeHTa npH TeMne- 
paType 2250°C, nocTHraeT tojibko BejiHHHHH 200 MHJiJiH6ap • 

B yxa3aHHOH BHrae pa6oTe yTBepxqaeTC*, hto hhtphh an»- 
mhhhh o6nanaeT oco6eHHocTBio , 3aKJiK)HaiomeHCH b "oneuB bhco- 
kom paBHOBecHOM paBJieHHH napoB a30Ta npn yMepeHHwx TeMne- 
paTypax" • 

Koraa pe^B kjx&t o "bkcokom" paBHOBecHOM naBneHHH napa 
onHoro H3 sneMeHTOB 6nHapHoro coeflHHeHHH, Hcnapjnomeroc* c 
pa3noxeHHeM Ha sneMeHra, cneqHanHCTy b jjaHHOH o6jiacTH 

TeXHHKH nOH*THO, HTO HMeeTC* B BHJjy CpaBHeHHe paBHOBeCHNX 

napijHanBHHx naBneHHH napoB sneMeHTOB 3Toro coenHHeHHK b 
3aMKHyToii CHCTeMe, Haxo^encH b TennoBOM paBHOBecHH. 
THpoBaHHoe BBime yTBepxneHHe, OTHOCHnjeec* k HHTpnny an»MH- 
hhk, 03HaHaeT, hto KOHqeHTpaqHH aTOMOB a30Ta b napax hht- 
puna anioMHHHH 3HanHTenBHO npeB&imaeT KOHqeHTpaqpno aTOMOB 
anioMHHHK. nocneflHee MoxeT HMeTB MecTo tojibko b cjiynae, 
ecnH b 3aMKHyTofi cHCTeMe paBHOBecHoe naBJieHHe napoB ycyra- 

HaBHHBaeTCH TaKHM 06pa30M f HTO aTOMBI aJIIOMHHHH H3 napoBofi 

$a3H, MHHyn peKOM6HHaqH© c a30TOM, nepexoHOT b XH^Kyio $a- 
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3y anDMHHHH. Ohcbhrho , co3jqaHHe BBicoKoro $OHOBoro flaBne- 
HHH a30Ta B 3THX SKCnepHMeHTaX npOflHKTOBaHO CTpeMJieHHeM 

H36exaTB onacHOCTH o6pa30BaHHH xhrkoh $a3H (KanenB) anio- 

mhhhh b npoqecce BBipamHBaHHH Ha pOCTOBOH nOBepXHOCTH MO- 

5 HOKpacTanna h CTeHKax KaMepH h sthm H36eacaTB noTept amo- 

MHHHH / a TaKXe B03MOXHOrO npH 3TOM 06pa30BaHHH ne^eKTOB 

KpncTannHHecKOH CTpyKTypbi. 

OflHaKO, npH 3HaHHT6JIBHOM H36fiITKe a30Ta B CM6CH a30Ta 

h napoB aniOMHHHH ^eHCTByeT MenneHHBiii «H$$y3HOHHHH Mexa- 
10 hh3m nepeHoca MaTepHana HCTOHHHKa k nonnoxKe , npnneM 
HMeHHO ckopoctb nepeHoca orpaHHHHBaeT ckopoctb pocTa mo- 
HOKpncTanna. 

B onHcaHHOM 3KcnepHMeHTe BipamHBaHHio npn TeMnepaType 
2250° C npen^TCTBOBajio 6siCTpoe HcnapeHHe Kap6nfla KpeMHHH 

15 nOKpBITHH THrJlJI. BHpailJHBaHHe npOnOJIXHTenBHOCTBK) 15 HaCOB 

co ckopoctbk) 30-50 MKM/nac ocymecTBJiHnocB b TeMnepaTypHOM 
AHana30He 1950-2050°C. OqeHKa ckopocth pocTa 0.5 MM/nac b 
TeneHHe HenpononxHTenBHoro BpeMeHH BHpamHBaHHH 6Hna nony- 
neHa npn TeMnepaType HCTOHHHKa 215 0°C, paccTOHHHH Mexny 
20 nonnoxKOH h hctohhhkom 4 mm h noflnepxaHHH TeMnepaTypw 
nojjnoxKH Ha BenHHHHy He MeHee 70° C Haxe TeMneparrypca hc- 

TOHHHKa . 

06ecneneHHe 3HaHHTenBHOH pa3HOCTH TeMnepaTyp nojjjioxKH 
h HCTOHHHKa npej^CTaBjraeT co6oh TexHHHecKyBO npo6neMy b 

25 cnynae Manoro paccTO^HHK Mexny hhmh, KOTopan MoxeT 6bitb 
pemeHa c noMoniBio cjioxhhx KOHCTpyKTHBHHX yxnmpeHHH h tojib- 
ko ijeHoii HenpoH3BonHTejiBHBix 3aTpaT 3HeprHH , TaK Kax npn- 
xoflHTC^r npHHHMaTB MepH npHHynHTenBHoro oxnaxneHH* noflnox- 
kh f HarpeBaeMOH TennoBHM H3JiyneHHeM ot HCTOHHHKa « KpoMe 

30 Toro cnepiyeT otmcthtb , hto noB&imeHHe pa6oHeii TeMnepaTypa 
HCTOHHHKa h cBH3aHHOH c Hen TeMnepaTyphi no^noxKH xoth h 
o6ecneHHBaeT yBennneHHe ckopocth pocTa MOHOKpHCTanna hht- 
pHfla a jikdmhhhh , ho, 110MHMO noBBnneHHoro pacxojqa SHeprHH, 
npHBOflHT TaKxe k pe3KOMy coKpaqeHHio cpoKa cnyx6H Tex nac- 
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Tefi o6opynoBaHH« , KOTopae pa6oTaiOT npH sthx bhcokhx TeM- 
nepaTypax. 

PACKPHTHE H30EPETEHHH 
5 3ananeH HacTO^ero H3o6peTeHH*i «Bn«eTCH co3«aHHe 

^ cnoco6a h ycTponcTBa j\nsi BbipamHBaHH* MOHOKpHCTajiHHecxoro 

HHTpHRa a JIIOMHHHH , KOTOpHH nO3B0JIHJT 6hl flOCTHHB BHCOKOH 
CKOPOCTH pOCTa MOHOKpHCTaJIJia npH HeBHCOKHX Tpe60BaHH5IX K 

TaKHM napaMeTpaM npoqecca, ksk pa6oHa*i TeMnepaTypa hctoh- 
10 HHKa f paccTOHHHe h pa3HOCTB TeMnepaTyp Mexny nonnoxKOH h 

HCTOHHHKOM, H npH 3TOM n03BOJIHn BHnOJIHOTB MHOrOKpaTHOe 

BHpanjHBaHHe oS'BeMHbix MOHOKpncTajiJioB 6e3 3aM6Hfii nacTefi HC- 
nonB3yeMoro oSopyaoBaHHK , hto, b kohghhom cneTe, o6ecne- 
hhjto 6h npoMBimjieHHyio npuMeHHMOCTB cnoco6a. 
15 3Ta 3anana pemaeTC^ tgm , hto b cnoco6e snHTaKcnanbHo- 

TO BbipanjHBaHHH MOHOKpHCTannHHeCKOrO HHTpHflS aJIIOMHHHH H3 

CMecH a30Ta h napoB an»MHHHJi, BKjiKnaiomeM pa3MemeHHe b 
POCToboh KaMepe apyr HanpoTHB npyra nonnoxKH h HCTOHHHKa 
aniOMHHHH, HarpeB h nowjepxaHHe TeMnepaTyp HCTOHHHKa h 
20 nojjjioxKH, o6ecneHHBa©mHx / cooTBeTCTBeHHO , o5pa30BaHHe na- 

pOB aJIK)MHHHJI B COCTaBe CMGCH H pOCT MOHOKpHCTaJIJia HHTpHRa 

aniOMHHHH Ha nojjnoxKe, cornacHO H3o6peTeHHio , aaBjieHHe CMe- 
ch a30Ta h napoB anBOMHHHH b pocTOBoii KaMepe noaaepxHBaroT 
b HHTepBane 400 MHJinH6ap ot HHXHero 3HaqeHHH pasHoro naB- 

25 neHHio, co3naBaeMOMy b 3aMKHyTOM o6*BeMe CMecBio o5pa3y»mHx- 
cx npH TeMnepaType HCTOHHHKa napoB a juomhhhh c a30TOM, 
HMeiomefi optHHaKOBwe KOHijeHTpaijHH aTOMOB a30Ta h aniOMHHHJi • 

CornacHO HacTo^meMy H3o6peTeHHK), BHpamHBaHae mohokph- 
CTanna HHTpH^a ajnoMHHHH ocymecTBn*»T 6e3 HcnojiB30BaHHH b 

30 npoqecce pocTa BucoKoro $OHOBoro paBneHHH a30Ta, co3naio- 
mero 3HanHTenBHEiH h36htok KOHqeHTpaijHH aTOMOB a30Ta no 

CpaBHeHHK) C aTOMaMH aJIK)MHHH5I B COCTaBe CMeCH. 

B ycnoBHHX 3Ha^HTenBHoro H3&HTKa a30Ta b cocTaBe CMe- 
ch ckopoctb pocTa MOHOKpHCTajuia orpaHHneHa CKOpOCTBK) EH(|>- 
35 $y3HOHHoro nepeHOca aTOMOB aniOMHHHH ot HCTOHmnca k nofl- 
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noxKe* CHHxeHHe H36siTKa a30Ta b cocTaBe CMecn no BenHHHH, 
Kor^a ee KOJiHHecTBeHHHH cocTaB npH6nHxaeTCH k cTexnoMeT- 
pHHecKOMy cooTHomeHHK) KOHqeHTpaqna aTOMOB a30Ta h aniOMH- 

HHH / COOTBeTCTByfflmeMy An* HHTpHfla aniOMHHHK OJJHHaKOBHM HX 

5 KOHijeHTpaijHHM, npHBORHT k MHoroKpaTHOMy yBenHneHHK) ckopo- 
cth poca?a MOHOKpHCTanna HHTpnna anioMHHHH • 

YBennHeHHe ckopocth pocTa nponcxoHHT b pe3ynBTaTe Ka- 

HeCTBBHHOrO H3MeHBHHH M6XaHH3Ma nepeHOCa aTOMOB aniOMHHHil • 
IIpH npH6jIHXeHHH K CTeXHOMeTpHHeCKOMy COOTHOmeHHK) KOHqeH- 

10 TpaqHH aTOMOB a30Ta h elthdmuhuk Han npoqeccoM RH$$y3HOHHo- 
ro nepeHoca HanHHaeT npeo6najjaTB kohbckthbhbih nepenoc, 

BHpaxaromHHCH B HanpaBJieHHOM flBHXeHHH aTOMOB, COCTaBJIHKDmHX 

napu ncTOHHHKa k 6onee xonoflHOH nonnoxKe. B cnynae cmsch 
a30Ta h napoB a jiiomhhh5i , KaK ycTaHOBJieHo aBTopaMH, ^BneHHe 

15 KOHBeKTHBHoro nepeHoca npojiBn^eTcn oneHB chjibho h conpo- 
BOxnaeTCH 3HaMHTenBHHM yBejiH^eHHeM ckopocth nepeHoca Ma- 
Tepnana HCTOHHHKa k nojjnoxKe. 3to npHBoqnT k yBenHneHHio 
ckopocth pocTa MOHOKpHCTanna , KOTopan b nepBy© onepe^B 
orpaHHHeHa ckopoctbk) nepeHoca. 

20 Ilpn pa6o*iHx TeMnepaTypax BHpanjHBaHHH a30T npncyTCTBy- 

eT b napoBOH $a3e b BH^e MoneKyn ,N 2 , h cooTHomeHHe napqn- 
anBHBix flaBJieHHH a30Ta h napoB anioMHHHJi b hx CTexnoMeTpn- 
necKOH CMecn paBHo 1:2. BcnencTBHe 3Toro, HHXHee 3HaneHHe 
3anaHHoro HHTepBana naBneHZH b nonTopa pa3a npeBocxoflHT 

25 napqaanBHoe naBJieHHe napoB a jtk)mhhhh f o6pa3yeMax HcnapeHH- 
eM MaTepHana HCTOHHHKa b 3aMKHyTOM o6*BeMe. 

qenecoo6pa3Ho f nonnepxHBaTB naBneHHe CMecn a30Ta h 
napoB anwMHHH^i b KaMepe 6hh3khm k HHXHeMy 3HaHeHHio 3anaH- 
Horo HHTepBana , cooTBeTCTByiomeMy CTexHOMeTpHnecKOMy coot- 

30 HomeHHK) KOHqeHTpaqHH aTOMOB a30Ta h amoMHHH* b CMeca, npn 

KOTOpOM CKOpOCTB pOCTa MOHOKpHCTanna HHTpHJja aniOMHHHJI 

nocTaraeT MaKCHMyMa. 

Orhhm H3 bo3moxhbix nyTeft peanH3aqHH H3o6peTeHHH HBmi- 
eTCK TaKOH , Korna b KanecTBe MaT.epnana HCTOHHHKa amoMHHH* 
35 HcnonB3y»T hhtpha aniDMHHHH, pocTOByio KaMepy qo Havana Ha- 
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rpeBa BaKyyMHpy»T h repMeTH3HpyoT f h npoBO^HT BBipa^HBaHHe 
MOHOKpHCTanna HHTpnna anroMHHH* npn HHXHeM 3HaneHHH 3a«aH- 
Horo HHTepsana flaBneHHH cmgch a30Ta h napoB anioMHHHH, 
co3naBaeMOH b poctoboh KaMepe HcnapeHHeM MaTepnana hctoh- 

5 HHKa . 

ABTopaMH ycTaHOBneHO, hto npoqecc HcnapeHHH h nocne- 
AyiomeH peKOM&HHaqHH napoB HHTpHjja anioMHHHH hctohhhks b 
repMeTHHHofi poctoboh KaMepe nponcxoflHT 6e3 o6pa30BaHHH 
xhrkoh $a3w anioMHHHH. B repMeTHHHoii poctoboh KaMepe npn 

10 HCnapeHHH HHTpHfla aJIlOMHHHH HCTOHHHKa C03HaeTC5I CTeXHOMeT- 

pHHecKa* CMecB a30Ta h napoB a jibomhhhh f to ecTB pocT moho- 

KpHCTaJlJia npOHCXORHT npH RaBJieHHH CMeCH paBHOM HHXHeMy 

3Ha^eHHio 3anaHHoro HHTepBana naBneHHH, npn kotopom jjeHCT- 
ByeT MGxaHH3M KOHBeKTHBHoro nepeHOca , o6ecneHHBaiomHH MaK- 

15 C HMa Jl B Hy K) CKOpOCTB pocTa. 

flpyrofi BapnaHT peanH3aijHH coctoht b tom, hto b Kane- 
CTBe MaTepnana HCTOHHHKa anioMHHiitf HcnonB3yK)T hhtphe anio— 
mhhhh f pocTOByio KaMepy , coo6maiomyK)CH c. BHemHHM npocTpaH- 
ctbom / noMema»T b aTMOC$epy a30Ta, naBJieHHe KOToporo non- 
20 nepxHBaioT b npenenax 3a«aHHoro HHTepBana jqaBJieHHH BHyTpn 
Poctoboh KaMepBi. 

B cnynae HcnonB30BaHHH HHTpnna anioMHHHH b KanecTBe 
MaTepnana hctohhhks b HerepMeTHHHOH poctoboh KaMepe , non- 
HepxaHHe 3anaHHoro KOJiHHecTBeHHoro cocTaBa cMecn BHyTpn 
25 poctoboh KaMepN i nyTeM co3flaHHH 3anaHHoro $OHOBoro naBJie- 
hhh a30Ta cHapyxn, no3BonneT npH6nH3HTB ckopoctb pocTa 

MOHOKpHCTaJlJia K JD(OCTHraeMOH C nOMOmBK) repMeTHHHOH pocto- 
boh KaMepH • npn 3tom HcnonB3yeTCH 6onee jjemeBBiH h t6xho- 

norHHHHH B OTHOmeHHH nOBTOpHBIX BwpamHBaHHH BapnaHT 6e3 

30 repMeTH3aijHH poctoboh KaMepsu 

Enje ojjhh BapnaHT peanH3aqHH coctoht b tom, hto b Ka- 
necTBe MaTepnana HCTOHHHKa anioMHHHH HcnonB3yK)T MeTannHne- 
ckhh anioMHHHH, pocTOByio KaMepy, coo6maK>myiocH c BHemHHM 
npocTpaHCTBOM , noMemaiDT b aTMoc^epy a30Ta, naBnenne koto- 

35 poro noflnepxHBaDT b npejjenax 3a«aHHoro HHTepBana aaBJieHHH 
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BHyTpn pocTOBOH KaMepbi. B 3tom cnynae a30T nocTynaeT b 

COCTaB CMeCH H3BHe pOCTOBOH KaMepbi • 

Hctohhhk i conepxanjHH MeTannaHecKHH a jiiomhhhh , o6ecne- 
HHBaeT b TeMnepaTypHOM onana30He HHxe 2400 °C 6ojiBmyK) cko- 
5 poctb pocTa MOHOKpHCTajina f ^eM hctohhhk, MaTepnanoM KOTO- 
poro cnyxHT hhtphe a jiiomhhhh . 

nocTaBJieHHan 3a«a^a pemaeTC^i Taicxe TeM, hto b pocto- 

BOH KaMepe flJIH SnHTaKCHaJIBHOrO BbipamHBaHH5I MOHOKpHCTaJIJIH— 
HeCKOrO HHTpHRa aJTK)MHHH5I H3 CMeCH a30Ta H napOB a JIIOMHHHH r 
10 BBinOJTHeHHOH C B03MOXHOCTBK) pa3MeiIjeHHJI BHyTpH Hee HCTOHHH- 

Ka anioMHHHH h nonnoxKH, HarpeBa h nonnepxaHH^ TeMnepaTyp 

HCTOHHHKa H nORJIOXKH , 06eCIie*IHBaK)mHX pOCT MOHOKpHCTaJIJia 

HHTpnfla axiioMHHHH Ha nonnoxKe , cornacHo H3o6peTSHHio , MaTe- 
pnan KOHTaKTHpyjomeii c hctohhhkom h napaMH a jiiomhhhh no- 

15 BepxHocTH pocTOBOH KaMepbi npencTaBJineT co6oh TBepHHH pac- 
TBop Kap6nna TaHTana b TaHTane. 

ABTopaMH o6HapyxeHO , hto T'aHTan ( Ta ) , JiernpoBaHHHH 
yrnepoflOM npencTaBraeT co6oh MaTepnan peaKqnoHHO ctohkhh 
no oTHomeHHK) k pacnnaBy an»MHHHK h ero napaM npn TeMnepa- 

20 Typax no MeHBrnen Mepe j\o 2500° C. IIpHMeHeHHe TaKoro MaTe- 
pnana BHyTpeHHen noBepxHOCTH poctoboh KaMepa o6ecneHHBaeT 

B03M0XH0CTB MHOrOKpaTHOrO HCnOJIB30BaHHH pOCTOBOH KaMepbi 

naxe b cnynae, Korna b KanecTBe HCTOHHHKa ajiiOMHHHH hc- 
noJiB3yeTC* MeTannHnecKHH anioMHHHH. 

25 

KPATKOE OnHCAHHE <I>HryP HEPTEJKEfl 
*Hr.l cxeMaTHnecKH H3o6paxaeT ycTponcTBO bjih BBipamH— 

BSHHH MOHOKpHCTaJIJia HHTpHfla aJTIOMHHHH ; 

tor. 2 H3o6paxaeT TeMnepaTypHbie 3aBHCHMOCTH naBJieHHH 

30 CTeXHOMeTpHMeCKOH CMeCH a30Ta H napOB a JIIOMHHHH B 3aMKHy— 

tom oG'BeMe hjih flByx pa3JiHHHHX MaTepnanoB HCTOHHHKa anioMH- 
hhh; 

tor. 3 H3o6paxaeT ceMeficTBo kphbbix 3aBHCHMocTH CKopo- 

CTH pOCTa MOHOKpHCTaJIJia HHTpH^a aniOMHHHH OT BeJIHHHHBI HcLB- 

35 neHHJi CMeCH a30Ta h napoB anioMHHHH ejih Tpex pa3JiHHHBix 
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TeMnepaTyp npn Hcnons30BaHHH HHTpnna anroMHHH* b KanecTBe 
MaTepnana HCTOHHHKa a jibomhhhh • 

BAPHAHTH OCYIIIECTBJIEHHH H30BPETEHHH 

5 BHpamHBaHHe MOHOKpHCTaJIJia HHTpHfla aJIK)MHHH5I npOBOHilT c 

noMomBK) ycTpoHCTBa , H3o6paxeHHoro ' Ha <fcnr . 1 . Yctpohctbo 
HMeeT Kopnyc 1, bbiiiojihbhhhh r HanpHMep, H3 KBapqa, b no- 
jiocth 2 KOToporo ycTaHOBneHa pocTOBa* KaMepa 3 b $opMe 

UHHHHApa, 3aMKHyTOrO HByM^C TOpqeBMMH CTeHKaMH • Ha OflHOH 
10 H3 TOpi^eBHX CTeHOK pOCTOBOH KdMepbl 3 , KOTOpaH MOXeT 6htb 

BHnonHeHa b Bane c-seMHOH KpHmo, ycTaHaBJiHBaiOT noflnoxKy 
4 . B KanecTBe MaTepnana nonnoxxH 4 HcnojiB3yi0T mohokph- 
CTanjiHHecKHH hhtpha anioMHHH* hhh Kap6Hfl KpeMHHJI, HM6K)mHH 
6nH3Kyjo c hhtphrom anioMHHHH KpHCTannHHecicyio CTpyKTypy. 
15 HanpoTHB noflnoxKH 4 b poctoboh KaMepe 3 pa3Mema»T hctoh- 
hhk 5 a jtiomhhhh « HHRyKqHOHHHH HarpeBaTenb 6 cojjepxHT qa- 

HHHnpHHeCKOH $OpMH npneMHHK 7 HHflyKqHOHHHX TOKOB, BBHIOJ1 — 

hghhhh H3 sneKTponpoBOflHoro rpa$HTa, h nHTaeMHe pa3nenBHO 
ceKUHH 8 h 9 CBH KaTymex. DpneMHHK 7 oxpyxeH TennoH3onn- 

20 topom 10, MaTepnanoM nnsi KOToporo MoxeT cnyxHTB f HanpH- 
Mep, nopucTHH rpa$HT. Taxa* KOHCTpyxijHH poctoboh xaMepw 
o6ecneHHBaeT bo3moxhoctb HarpeBa HCTOHHHxa 5 aji»MHHHH no 
TeMnepaTypH He MeHee 2500 °C c noMonjBio cexijHH 9 HarpeBaTe- 
jih. HarpeB noflnoxKH 4 OTnenBHOH cexijHeH 8 no3BorraeT co3- 

25 naBaTB 3anaHHyio nojioxHTenBHyio pa3HocTt TeMnepaTyp Mexjjy 

HCTOHHHKOM 5 H nOflJIOXKOH 4 . 

KOHCTpyKUHtf pOCTOBOH KaMepH 3aBHCHT OT pa3MepOB MOHO- 

KpHCTanjioB, no kotophx hx npeHnonaraeTC* BBipaiqHBaTB . JJjih 

BHpamHBaHHH MOHOKpHCTaJIJlOB 6onBmOH TOniqHHN, flO HeCXOHBKHX 

30 necHTKOB MHnnHMeTpoB , HHflyKqHOHHHH HarpeBaTenB MOXeT 6bITB 
BbinonHBH nepeMen^aeMHM b^ojib poctoboh KaMepa c tgm f hto6bi 
co3naBaeMoe hm none TeMnepaTyp moxho 6bijio CMeqaTB no Mepe 

H3MeHeHHH nOJIOXeHHH pOCTOBOH nOBepXHOCTH MOHOKpHCTanna , 
COXpaH^M 3THM nOCTOKHHfiie yCHOBKH Win pOCTa, HHflyKqHOHHNH 

35 HarpeBaTenb MoxeT He conepxaTB pa3nenBHbix ceKqafi 8 h 9, 
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ecnH KOHCTpyKijHK pocTOBOH KdMepw no3Bon*eT o6ecneHHTB 
Tpe6yeMyK> pa3HOCTt TeMnepaTyp Mex^y hctohhhkom 5 h non- 
noiKOH 4 . BMecTo HHAyKqaoHHoro MOxeT 6bitb HcnonB30BaH pe- 

3HCTHBHHH HarpeBaTeHB , pa60HHH 3JieMeHT KOTOporO OXBdTHBa- 

eT o6nacTB pa3MemeHHJi HCTOHHHKa a jiiomhhhh • 

flnn yBejiHHeHHst ckopocth pocTa MOHOKpncTajuia BeiiHHHHy 
pa3HOCTH TeMnepaTyp HCTOHHHKa 5 h eeohhoxkh 4 xenaTentHO 
nonAepxHBaTB paBHon HecKonBKHM necHTKaM rpanycoB, npn 

3TOM paCCTOKHHe MeXJjy HCTOHHHKOM 5 H nOflJIOXKOH 4 C 3TOH 

xe ijenBio cnenyeT ycTaHaBJiHBaTB bo3moxho MeHBme. 3th RBa 
Tpe6oBaHHH npoTHBopenaT apyr apyry, Tax kslk npn ManoM 

paCCTOHHHH Mexny HCTOHHHKOM H nOflJIOXKOH 3aTpyjJHHTeJIBHO 

o6ecne^HTB 3HaHHTejiBHyio pa3HocTB TeMnepaTyp Mexay hhmh 
BcnencTBHe pa^HaqHOHHoro narpeBa no^noxKH 4 ot HCTOHHHKa 
5. 3to npoTHBopenne mokgt 6htb npeononeHo, ecnn npnHHTB 
cneqaanBHHe MepH no oxnaxneHHio nonnoKKH, ho sto npHBOjjHT 

K HenpOH3BOHHTeJIBHbIM nOTep^M SHeprHH - Be3 npHHOTH* TaKHX 

Mep, b nopHHKe KOMnpoMHcca t qenecoo6pa3Ho BBi6npaTB pac- 
CTOHHHe Mexny hctohhhkom h noflnoxKon b npeqenax 3-10 mm 
npn pa3HocTH TeMnepaTyp b npeaenax 10 - 30° C, cooTBeTCT- 

BeHHO . 

CTeHKH pocTOBOH KaMepn 3 BHnojmeHH H3 TaHTaiia, BHyT— 
peHH^H noBepxHOCTB CTeHOK nernpoBaHa yrnepojjOM. JlernpoBa- 
Hne yrnepoflOM npoBOflHTC* cnenyiomHM o6pa30M. PocTOByio Ka- 
Mepy 3 3anonHHK)T nopomKOM rpa$HTa h MenneHHo HarpeBaioT ro 
2200~2500°C. TeMnepaTypy noBBimaDT c nocTOHHHOH ckopoctb© 
b TeneHne 1-3 nacoB h 3aTeM BBinepxHBaiDT pocTOByro KaMepy 
3 npn MaKCHMaiiBHOH TeMnepaType eme b Te^eHne 1-3 nacoB. 
B pe3ynBTaTe TaKOH o6pa6oTKH MaTepnan BHyTpeHHen noBepx- 
hocth CTeHOK poctoboh KaMepu 3 npeHCTaBjineT co6oh nepe- 
MeHHNH no rny6HHe ot noBepxnocTH TBepnHH pacTBop Kap6Hna 
TaHTana b TaHTane. nonyneHHHH TyronnaBKHH MaTepnan, xax 
ycTaHOBJieHO aBTopaMH, He BCTynaeT b peaxqHio c aniOMHHHeM 
npn TeMnepaTypax no MeHBraefi Mepe flo 2500° C, hto o6ecneHH- 
BaeT B03MOXHOCTB MHoroKpaTHoro npoBeneHH* qHKnoB BBipamn- 
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BSHHH MOHOKpHCTdJlJlOB HHTpHfla €tJIK)MHHHiI B TclKOH pOCTOBOH 

KaMepe 6e3 3aMeHH nnn peMOHTa ee nacTefi. IlpH stom bsxho t 
hto BHyTpeHHHe ctghkh poctoboh KaM6pbi 3, o6pa6oTaHHbie 
onHcaHH&iM cnoco6oM, npaKTHHecKH He ancop6Hpy©T aniOMHHHH h 
no3BOJi5iioT HcnonB30BaTB b KanecTBe MaTepnana hctohhhks 
aJIKJMHHHK MeTannHHecKHH aniOMHHHfi. 

B BapnaHTe BBipamHBaHH^i MOHOKpncTanna H3 napoB HHTpnjja 
aniOMHHHH HCTOHHHKa b repMeTH3npoBaHHOH poctoboh KaMepe 
npoijecc ocymecTBn^ioT cneayiomHM o6pa30M. flo Havana Harpe- 
Ba, nonocTB 2, j\nsi ynaneHH$i H3 Hee aTMOc$epHsx ra30B, 
nponyBaioT hhctbim a3o«roM npH otkphtoh poctoboh KaMepe 3. 
A30T H3 nonocTH 2 oTKaHHBaioT, h pocTOByio KaMepy 3 repMe- 
TH3HpyK)T r HanpHMep, MeTonoM BakyyMHOH CBapo, Bo3moxho 
TaKxe npoH3BOflHTB oTKaHKy h repMeTH3aqHio poctoboh KaMepw 
3 no ee ycTdHOBKH b nonocTH 2. OTKa^Ky poctoboh KaMepa 3 
npoH3BOHHT ao BenHHHHbi ocTaTOHHoro HaBneHHH a30Ta, ManoH 
no cpaBHeHHM c 3anaHHOH BenHHHHOH HHTepBana oTKnoHeHHii ot 
naBneHHH CTexnoMeTpHHecKOH CMecn . DpaKTHnecKH , nocTaTOH- 

HOH HBHHeTCH BeHHHHHa OCTaTOHHOrO AaBJieHHH a30Ta B He- 
CKOHBKO e«HHHq MHJIJTH6ap • 

3aTeM, c noMomBio HarpeBaTen* 6 hctohhhk 5, BsinonHeH- 
hhh b BHfle 6pHKeTa cnpeccoBaHHoro H3 nopomKa nonHKpncTan- 
JiHnecKoro HHTpH^a a jiiOMHHHii t h noRJioxKy 4 HarpeBaroT j\o 
pa6o^Hx TeMnepaTyp, npn kotophx nponcxoflHT nanBHenrnHH 
npoijecc BbipanjHBaHHH • Pa6oHHe TeMnepaTypa, npn kotophx qe- 
necoo6pa3HO npoBoptHTB BHpanjHBaHHe HHTpnna aniOMHHHH nexaT 
b HHTepBane 2000-2500°C. 

B npoijecce HarpeBa HCTOHHHKa 5 HananBHoe zjaBneHHe b 
Poctoboh KaMepe 3, co3naBaeMoe ocTaBOHMcn nocne OTKaHKH 
a30T0M, B03pacTaeT no Mepe HcnapeHH^i MaTepnana HCTOHHHKa 
5. HcnapeHHe HHTpHfla aniOMHHHH HCTOHHHKa 5 npoHcxo^HT cTe- 
XHOMeTpHHecKH, to ecTB , npn TennoBOM pa3noxeHHH MOJiexynbi 
AlN o6a sjieMeHTa nepexon*T b napoByio $a3y. 06pa3OBaHHH 
shrkoh $a3H aniOMHHHH He npoHcxonHT. npn 3tom, ecjiH npe- 
HeSpeHB He6onBmHM HanajibHMM cojjepxaHHeM a30Ta, KOHijeHTpa- 
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IJHH aTOMOB a30Ta H aJIIOMHHiM B pOCTOBOH KaMepe 3 - OflHHa- 

kobh / to ecTB b eflHHHqe o6T>eMa npncyTCTByioT paBHtie kojth— 
HecTBa ao?OMOB a3CTa h stomob anioMHHHH. 

TaKHM o6pa30M / B&ipd^KBdHHe MOHOKpHCTanna HHTpH^a anio- 

5 MHHHH B repMeTH3HpOBdHHOH pOCTOBOH KaMepe 3 npOHCXOflHT 

npH HHKHeM 3HdHeHHH onpenenneMoro §>opMynoH H3o6peTeHHH 
HHTepBana naBJieHHH cMecn a30Ta h napoB amoMHHH^, cooTBeT- 
crayiomeM CTexnoMeTpHnecKOMy coothoihshhio KOHqeHTpaijHH aTO- 

MOB a30Ta H aJlK)MHHHH B CMGCH • 

10 B cnynae CTexnoMeTpHHecKoro cocTaBa CMecn a30Ta h na- 

poB anioMHHHH npoHcxoflHT kohbgkthbhhh nepeHoc MaTepnana 
HCTOHHHKa 5 Ha nojjnoxKy 4, npencTaBnjnonjHH co6oh HanpaB- 
neHHoe EBHxeHHe aTOMOB aniOMHHHH h MoneKyn a30Ta ot hctoh- 
HHKa 5 k noflnoxKe 4, h nosTOMy 3HaHHTejibHO 6oxiee 6bictphh 

15 neM flH$$y3HOHHBiH nepeHoc . 

IIpH flH$$y3HOHHOM nepeHOCe CKOpOCTB pOCTa MOHOKpHCTan— 

na orpaHHHHBaeTCH ckopoctbio nepeHoca MaTepnana HCTo^HHKa 
5 k nonnoxKe 4, o6paTHO nponopqHOHanbHOH paccTOHHHio Mexny 
hhmh , KOTopoe yBeJiHHeHHH CKopocTH pocTa Tpe6yeTCH ne- 

20 JiaTL Ma JIBIM • IIpH HHCTO KOHBeKTHBHOM nepeHOCe , B03HHKaK>IIjeM 
B yCJIOBHHX TOHHOrO CTeXHOMeTpHHeCKOrO COOTHOmeHRH KOHqeH- 

TpauHH aTOMOB a30Ta h anDMHHHii, ckopoctb pocTa TeM BHDie, 
hbm BBiine naBneHHe cTexHOMeTpHHecKOH CMecn, KOTopoe onpe- 
flen^eTCH ckopoctbio HcnapeHH* MaTepHana HCTOHHHKa 5. Cko- 
25 poctb HcnapeHHH npaKTunecKH He 3sbhcht ot paccTo^HH^i Mex- 
ny HCTOHHHKOM 5 H nOflHOXKOH 4, BcnejqcTBHe STOrO, H3MeHe- 

HHe paccTOHHHH Mexny hctohhhkom 5 h noflnoxKOH no KpaHHen 
Mepe b npenenax, He npeBBimacmnx nonepenHHe pa3Mepa nofl- 

JIOXKH 4, He CKd3£JBaeTCH Ha CKOpOCTH pOCTa . 3TO, B CBOK) 

30 onepenB, no3Bon*eT paBoTaTB c 6ojibiiihmh 3HaneHHKMH pa3HO- 
cth TeMnepaTyp HCTOHHHKa 5 h noflnoxKH 4, yBejiHHenne koto- 
Poh npHBOflHT k yBejiHHeHHK) ckopocth ncnapeHHH MaTepnana 
HCTOHHHKa 5 h, cooTBeTCTBeHHo 9 k nonojiHHTejiBHOMy yBennne- 

HHH) CKOpOCTH pOCTa MOHOKpHCTaJlJia • 
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B repM6TH3HpoBaHHOH poctoboh KaMepe 3 co6cTBeHH&ie na- 

ptl HHTpHfld a JTfOMHHHH HCTOHHHKa 5 o6pa3yK)T CMeCB CO CTeXHO- 

MeTpHnecKHM cooTHomeHHeM KOHqeHTpaqHH stomob a30Ta h an»- 
mhhhh • IlpH 9tom o6ecneHHBaeTCH MaKCHMajiBHa^ ckopoctb poc- 
5 Ta MOHOKpHCTanna / no cpaBHeHHK) c ^ocTHraeMOH npH Tex xe 

yCJTOBHilX B IipHCyTCTBHH H36WTOHHOrO COflepxaHHH B CMeCH 

a30Ta. 

nonyneHHa^i hhcjighheimh MeTonaMH 3aBHCHMocTB naBneHHJi 

napOB HHTpHJja aniOMHHHH B repMeTH3HpOBaHHOH poctoboh KaMe- 

10 pe 3 ot TeMnepaTyp&i HCTOHHHKa 5 npencTaBneHa Ha <S>nr. 2 
kphboh A. HanpHMep, b cootbstctbhh c kphboh A, TeMnepaTy- 
pe 2200° C cooTBeTCTByeT pacneTHoe jqaBneHHe napoB, npn6nH- 
3HTen&HO paBHoe 100 MHnnH6ap. 

Jlynme npHcnoco6neHH£iM nnx npoBeneHHH nocnenoBaTenBHHx 

15 qUKJIOB BBipamHBaHHH MOHOKpHCTanJIOB HHTpHfla aJlIOMHHHH HBJI5I- 

eTCH BapaaHT BbipanjHBaHHii 6e3 repMeTH3aqHH poctoboh KaMepbi 
3 , b stom cny^ae MoxeT 6bitb o6ecneneHO 6wcTpoe H3BneneHHe 
BNpameHHoro MOHOKpHCTanna • 

B cnynae HcnonB30BaHHH noJiHKpncTannHHecKoro HHTpHfla 
20 aniDMHHHH KaK MaTepnana HCTOHHHKa 5 a jiiomhhhh , BBipanjHBaHHe 
MOHOKpHCTanna ocynjecTBnjiBOT cnenyjonjHM o6pa30M. 

flo Havana HarpeBa hctohhhk 5, nojjnoxKy 4 h pocTOByw 
KaMepy 3 noflroTaBJiHBa»T Tax xe KaK b npeH&inynjeM BapnaHTe. 

Ilpn BbipamHBaHHH MOHOKpHCTanna 6e3 repMeTH3aqHH pocTO- 
25 boh KaMepbi 3 , Tpe6yeTCK npenoTBp^THTB yTe^Ky H3 Hee napoB 
HCTOHHHKa 5. C 9TOH qenBD b nojiocTH 2, coo6maiomeHCJi C 
Poctoboh KaMepofi 3, nepe3 3a3opH coeflHHeHHH ee nacTefi, 
hjih cneqnanBHo BBinonHeHHBie KaHanbi (He noKa3aHBi) , co3jqaioT 
ypaBHOBemHBaromee naBneHHe a30Ta He HHxe Taxoro, KOTopoe 

30 C03«aBanH 6bl C06CTBeHHBie napH HHTpHfla aUDMHHHH HCTOHHHKa 

5 b 3 aMKHy tom o6*BeMe. flaBneHHe a30Ta KOHTponnpyioT , H3Me— 
pHH ero b xonoflHOH HacTH nonocTH 2 , Bjjann ot poctoboh Ka- 
MepH 3 . flnn H3MepeHHH npHMeRaeMbix b HacTonqeM MeTojje naB- 
neHHH f 3aKnioHeHHKx b jjHana30He 1 - 2000 MHnnn6ap, H3Bec- 
35 TeH mnpoKHH cneop npn6opoB pa3nHHHoro npHHqnna jqeHCTBHH: 
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Ha ocHOBe TepMonapu, M6M6paHHBi6 h npyrHe. HanpHMep, MoxeT 

6bITB HCnOJlB30BdH MeM6pdHHHH MSHO-BdKyyMMeTp MEMBRANOVAC 

DM-12, BbinycKaeMBiH b nponaxy $HpMOH LEYBOLD INFICON Inc. 

BH6op BeJIHHHHH HaBJieHHH a30Ta B nOJIOCTH 2 hbjihstch 
KJIIOHeBBIM nnSl flOCTHXeHHH BHCOKOH CKOpOCTH pOCTa MOHOKpH- 

CTanna HHTpnna amoMHHH* npn yMepeHHBix 3HaneHHHx pa6onefi 
TeMnepaTypsr hctohhhks 5 h pa3HOCTH TeMnepaTyp HCTOHHHKa 5 
h no^jioxKH 4. fljiH nonyneHH* MaKCHManBHOH ckopocth pocTa 
paBneHHe a30Ta b nonocTH 2 b ycTaHOBHBraeMCH pa6oneM TeM- 
nepaTypHOM pexraie aojikho 6htb paBHo jqaBjieHHio, co3»aBaeMO- 
My napaMH HHTpnna amoMHHH* b 3aMKHyTOM o6*BeMe, HanpHMep, 

repMeTH3HpOBaHHOH pOCTOBOH KaMepe 3, HMeiOIIJHMH CTGXHOMeT- 

pHHecxoe cooTHomeHne KOHijeHTpaqHH aTOMOB a30Ta h anioMH- 

HHH. 

flaBJieHHe b nonocTH 2, cooTBeTCTByiomee MaKCHManBHOH 
ckopocth pocTa MOHOKpucTaxiJia npH 3aflaHHOH pa6oneH TeMne- 
paType HCTOHHHKa 5, MoxeT 6htb onpeneneHO no H3o6paxeHHOH 

Ha to, 2 KpHBOH A 3aBHCHMOCTH flaBJieHHe B MHJIJlH6apaX OT 

TeMnepaTypa b rpanycax IJenBCH*. KpHBa* A noKa3HBaeT pac- 
neTHyio BenHHHHy naBneHHH, co3flaBaeMoro b 3 aMKHyTOM o6i>eMe 

CTeXHOMeTpHHeCKOH CMeCBK) napOB aniOMHHHJi, 06pa30BaHHbJX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta, nnn cnynan, ko- 
rna MaTepnaxiOM HCTOHHHxa 5 hbjihgtch hhtphjj aiiroMHHHH. 

flo Havana HarpeBa ycTaHaBJiHBa»T MHHHMa jibhog t Hanpn- 
Mep, HecKonBKo MHJiJiH6ap, HananBHoe naBneHHe a30Ta b no- 
jiocth 2 h, cooTBeTCTBeHHO, b cooSmaiomeHCH c nen poctoboh 
KaMepe 3, B npoqecce HarpeBa HCTOHHHKa 5 naBneHHe a30Ta b 
nonocTH 2 noBMmaioT cooTBeTCTBeHHo pacneTHOMy pocTy jjaBne- 
hhh napoB HCTOHHHKa 5, onpenen** TeKynjee npnpaqeHHe «aB- 
neHH^ no KpHBofi A, $Hr.2. TaKHM o6pa30M/ b KaxjqbiH momcht 
b npoqecce HarpeBa, naBneHHe b nonocTH 2 npeBBimaeT pac- 
neTHoe naBneHHe napoB HHTpnjja aniOMHHHH b poctoboh KaMepe 
3 Ha BenHHHHy HananBHoro flaBneHHH, ycTaHaBnHBaeMoro b no- 
hocth 2. OnHcaHHan npoqenypa BHxona Ha paSoHHfi pexHM bk- 
paniHBaHHH ^BnneTCH HaHnynmeH b tom CMucne, hto no3Bon*eT 
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H36exaTB Ha stom 3Tane noTepB napoB aniOMHHHH h npeqoTBpa- 

THTb HX B03MOSHHH KOHTflKT C He3an;HiqeHHHMH 3JieMeHTaMH KOH- 

CTpyKqHH ycTpOHCTBa npa Bwxone napoB aniOMHHHH 3a npenejiH 
BHyTpeHHGH hojiocth poctoboh KSMepu 3 . riocnenHee HMeno 6h 
5 MecTo b cnynae, ecjiH cooTBeTCTByiomee pa6o<*eMy pexHMy aaB- 
neHHe a30Ta co3ActBanocB b nonocTH 2 no Havana HarpeBa. B 
3TOM cnynae ao Havana HarpeBa a30T nocTynaeT b pocTOByio 
KaMepy 3 H3 indjiocth 2, a b npoqecce HarpeBa, BcnencTBHe 
o6pa30BaHHH napoB HHTpnfla anioMHHHH / naBneHHe b pocTOBoft 
10 KaMepe 3 cTaHOBHTCH BHme BHemHero h nacTB CMecn a30Ta h 

napOB aJlKJMHHHH BHTeCHHeTCK H3 Hee B nOJIOCTB 2 , npH 3TOM 
BHyTpH pOCTOBOH KaMepH 3 6yn©T COXpaHHTBC* H36HTOHHOe CO- 

HepxaHHe a30Ta, TopM03*mee pocT MOHOKpncTanna . 

Ha $nr. 3 H3o6paxeHO ceMeficTBO kphbhx, cooTBeTCTBy©- 

15 DJHX TpeM pa3JIHHHHM TeMnepaTypaM, 3aBHCHMOCTH CKOpOCTH 
pOCTa MOHOKpHCTaJina HHTpHfla anKJMHHHH (B MHJlJlHMeTpaX B 

nac) ot BenHHHHH naBneHHH a30Ta (b MHnnn6apax) b nonocTH 
2, paBHoro nonHOMy jjaBneHHio CMecn a30Ta h napoB anwMHHH* 

B pOCTOBOH KaMepe 3. Tpa$HKH COOTBeTCTByKT pa3HOCTH TeM- 

20 nepaTyp Mexqy hctohhhkom 5, MaTepaanoM KOToporo cnyxHT 

HHTpHfl aniOMHHHH t H nOflHOXKOH 4 paBHOH 70° C, H paCCTOHHHK) 
Mexny HCTOHHHKOM 5 H nOflHOXKOH 4 pdBHHM 4 MM. 3TH Tpa^HKH 

no3BonHK)T onpenenHTB nnana30H OTKnoHeHHH ot CTexnoMeTpH- 
HecKoro cooTHomeHH5i KOHqeHTpaqHH aTOMOB a30Ta h aiifOMHHHii 

25 B CMeCH / He npHBOfl^HX K CyqeCTBeHHOMy CHHXeHHK) CKOpOCTH 

pocTa MOHOKpHCTaJina, b nacTHocTH r B&i6paTB Benn^HHy Ha- 
nanBHoro naBJieHHH a30Ta b nonocTH 2 . 

Ilpn nepBOM BnpaqHBaHHH b KOHKpeTHOM 3K3eMnnnpe pocto- 
boh KaMepH 3 ckopoctb non*beMa naBneHHK a30Ta b nonocTH 2 
30 npH HarpeBe HCTOHHHKa 5 MoxeT 6htb yBennneHa no oTHomeHHio 
k onpenenneMOH no kphboh A, <E>nr. 2, hto npnBeneT k BEixony 
Ha pexHM BHpanjHBaHHH npn 6onBmeM H36biTKe a30Ta b cocTaBe 

CMeCH B pOCTOBOH KaMepe H COOTBeTCTByKD^eMy CHHXeHHK) CKO- 
pOCTH pocTa. Ckopoctb yBenHHeHHK naBneHHH h, cooTBeTCT- 
35 BeHHO f KOHenHa* BejiHHHHa naBneHHH a30Ta b nonocTH 2 b co- 



f 
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OTBeTCTBHH c pe3yni>TaTaMH npo6Hbix BHpamHBaHHH MOXeT 6bitb 
b flanBHennieM nopBeprHyTa KoppeKTHpoBKe , HcnpaBJiniomeH no- 
rpemHOCTH pacneTOB h H3MepeHHH TeMnepaTyp . 

B cjiynae Hcnoni>30BaHH^ MeTanmiHecKoro anioMHHHH b Ka- 
necTBe MaTepnana HCTOHHHKa 5 a jhdmhhhji BwpanjHBaHHe moho- 
KpHCTanna HHTpHfla anioMHHHH ocymecTBJUiiDT b poctoboh KaMepe 
3 , coo6maK)n^efic5i c nonocTBio 2 , aHanornHHO npeflBinymeMy Ba- 
paaHTy. 0co6eHHOCTBK) naHHoro BapnaHTa hbjuistck OTcyTCTBHe 
a30Ta b MaTepnajie HCTOHHHKa. 06pa3OBaHHe cMeca a30Ta h 
napoB amoMHHH5i b poctoboh KaMepe 3 npoHcxoflHT Snaronapn 
nocTynneHHK) b Hee a30Ta H3 nonocTH 2 . 

H3MeHeHHe naBJieHH^i a30Ta b nonocTH 2 b npoqecce Ha- 

rpeBa HCTOHHHKa 5 npOH 3 BOflHT B COOTBeTCTBHH c rpa^HKOM f 

H3o6paxaeMKM kphboh B f <I>Hr. 2. KpHBaa: B noKa3HBaeT pac- 
neTHyio BenHHHHy EaBneHH*, co3«aBaeMoro b 3aMKHyTOM o6*BeMe 

CTeXHOMeTpHHeCKOH CMGCbK) napOB a JIK3MHHHH f 06pa30BaHHBIX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta hjih cnynaji, Kor^a 
MaTepaanoM HCTOHHHKa 5 HBjiHeTC* MeTannH^ecKHH anioMHHHH • 

KpHBaK B, cooTBeTCTBy»maH MeTanjiHHecKOMy a jiiomhhhk) , 
npn yMepeHHHx TeMnepaTypax HCTOHHHKa 5 neMOHCTpnpyeT 6o- 
nee BBicoKoe nojiHoe jjaBJieHHe CTexHOMeTpuHecKOH CMecH a30Ta 
h napoB anioMHHHH b poctoboh KaMepe 3, HQM KpHBa5I A, COOT- 
BeTCTByroman HHTpimy anioMHHHH. IIocKonBKy ckopoctb pocTa 
MOHOKpHCTanjia HHTpHfla aniOMHHHK npn yBeJIHHeHHH naBJieHH5I 
cTexaoMeTpHHecKOH CMecH a30Ta h napoB aniOMHHHK B03pacTa- 
eT r ncnojriB30BaHHe MGTannH^ecKoro anioMHHHH b xa^ecTBe Ma- 
Tepnaxra HCTOHHrnca 5 anioMHHHtf o6ecnenHBaeT 6onee BBicoKyio 
CKopocTb pocTa b npennoHTHTejiBHOH nnx npaKTHnecKoro npn- 
MeHeHHH HHXHeH nacTH flHana30Ha pa6onnx TeMnepaTyp hctoh- 
HHKa 5, HHxe 2400°C. HcnonB30BaHne MeTannnHecKoro aniOMH- 
hhji b KanecTBe MaTepnana HCTO^HHKa 5, no3BonneT H3Mep*TB 
ckopoctb pocTa MOHOKpHCTanjia b npoijecce BHpaqnBaHHH no 
BenHHHHe pacxooa a30Ta, Heo6xoflHMoro rjih nonnepxaHHH no- 
CTOiiHHoro naBneHHii b nonocTH 2 . 3to npeflocTaBji*eT bo3mox- 
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hoctb non6opa onTHManBHNX 3H£ih6hhh napaMeTpoB npoijecca 
HenocpencTBeHHO b npoqecce BHpanjHBaHHtf . 

ripepnoxeHHoe H3o6peTeHHe He orpaHHHHBaeTCH paMKaMH 
onHcaHHEax npHMepoB peanH3auHH h flonycicaeT o^eBHEHBie cne- 
qHanHCTy b rshhoh o6jiacTH tsxhhkh MOflH$HKaqHH cnoco6a, He 
BBixon^mae 3a npenenhi o6i>eMa H3o6peTeHHH, onpenen^eMoro 
ero <J)opMynoH. 
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OOPMYJIA H30BPETEHHH 



Cnoco6 snHTaKcnanbHoro BHpamHBaHHH MOHOKpHCTaruiHHe- 
CKoro HHTpufla anioMHHHii H3 CMecH a30Ta h napoB anioMHHHH, 
BKnronaiomHH pa3MemeHHe b poctoboh KaMepe ( 3 ) npyr HanpoTHB 
npyra noflJioxKH (4) h HCTOHHHKa (5) a jiiomhhhh , HarpeB h 
noflnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h nonnoxKH 
(4), o6ecneHHBaiomHX, cooTBeTCTBeHHO, o6pa30BaHHe napoB 
anioMHHHH b cocTaBe CMecH h pocT MOHOKpHCTanna HHTpnjja 
anioMHHHH Ha nonnoxxe (4), OTJiHHaiomHHC5i TeM f hto aaBneHHe 
CMecH a30Ta h napoB aniDMHHHJi b poctoboh KaMepe ( 3 ) non- 
HepxHBaioT b HHTepBane 400 MHnnn6ap ot HHXHero 3HaneHH5i, 
paBHoro naBneHHio, KOTopoe co3flaBana 6u b 3aMKHyTOM o6T>eMe 

CM6CB 06pa3yK)qHXC5I napOB aniOMHHHH C a30TOM, HMeiOIDjaH OflH- 

HaKOBBie KOHi^eHTpaqHH a«roMOB a30Ta h anioMHHHH. 

CnOC06 3IIHTaKCHaJI£HOrO BHpamHBaHHH MOHOKpHCTaJlJlHHe- 
CKOrO HHTpHfla aJlIOMHHHH H3 CMeCH a30Ta H napOB aniOMHHHH, 

BKJuonaiomHH pa3MemeHne b poctoboh KaMepe ( 3 ) Epyr HanpoTHB 
npyra noflnoxKH (4) h HCTOHHHKa, (5) an»MHHHH, HarpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h noflnosKH 
( 4 ) , o6ecne^HBaK)mHx , cooTBeTCTBeHHO , o6pa30BaHne napoB 

aJlK)MHHH5I B COCTaBe CMeCH H pOCT MOHOKpHCTaJlJia HHTpHfla 

anioMHHHH Ha nozjnoxKe (4), OTJiHHaiomHHC* tgm, hto naBJieHae 
CMecH a30Ta h napoB amoMHHH* b poctoboh KaMepe ( 3 ) non~ 
jjepxHBa»T b HHTepBane 4 00 MHJiJiH6ap ot HHXHero 3HaneHHH t 
paBHoro naBJieHHK), co3naBaeMOMy b 3 aMKHy tom o6i>eMe CMecBio 
o6pa3y»mHxc5i npn TeMnepaType HCTOHHHKa (5) napoB aniOMHHH* 
c a30TOM, HMeiomefi ojjHHaKOBHe KOHqeHTpauHH aTOMOB a30Ta h 

aJTKDMHHHH • 

2. Cnoco6 no n. 1 OTjiHHaiomHHCK TeM, mto ^aBjieHHe cMe- 
ch a30Ta h napoB anjoMHHHH b poctoboh KaMepe ( 3 ) nonzjepxH- 
BaiOT 6hh3khm k HHXHeMy 3HaneHHH) 3anaHHoro HHTepBana. 

3. Cnoco6 no n. 1, OTJiHHaion^HHCH TeM, hto b KanecTBe 
MaTepnana HCTOHHHKa (5) anroMHHH*' HcnonB3yioT HHTpnfl an»MH- 
hh*, pocTOBy© KaMepy (3) no Havana HarpeBa BaKyyMHpy»T h 
repMeTH3HpymT, h npoBon*T BBipaqHBaHHe MOHOKpacTanna hht- 
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puna aniOMHHHH npn hhkhgm 3HaneHHH 3aflaHHoro HHTepBana 
naBneHHH CMecH a30Ta h napoB anroMHHHJi, co3^aBaeMOH b poc- 
toboh KaMepe (5) HcnapeHHeM MaTepaana HCTOHHHKa • 

4. Cnoco6 no n. 1, OTnHnaion^HHCH TeM, hto b KanecTBe 
5 MaTepnana HCTOHHHKa ( 5 ) amoMUHUH HcnonB3yioT hhtphh anioMH- 
hhh , pocTOByio KaMepy ( 3 ) , coo6maiomyioc*i c bhgiqhhm npo- 
CTpaHCTBOM i noMemaiOT b aTMoc^epy a30Ta, naBneHHe KOToporo 
nonnepxHBaiOT b npejjenax 3ajqaHHoro HHTepBana naBneHHH. 



10 MaTepaana HCTOHHHKa (5) amoMHHHH HcnojiB3yioT MeTannnnecKHH 
aiiioMHHHH , pocTOByio KaMepy ( 3 ) , coo6maiomyioc5i c BHemHHM 
npocTpaHCTBOM , noMenjaioT b aTMoc^epy a30Ta, AaBneHHe koto- 
poro nonnepxHBaJOT b npejjenax 3anaHHoro HHTepBana flaBne- 

HHH. 

15 6 . PocTOBaii KaMepa ( 3 ) j\nsi snHTaKcnanbHoro BbipaiijHBan- 

HHH MOHOKpHCTannHHeCKOrO HHTpHfla aniOMHHHK H3 CMeCH a30Ta 

h napoB a jik>mhhh5I / BHnonHeHHan c bo3moxhoctbio pa3MemeHHH 
BHyTpH Hee HCTOHHHKa ( 5 ) anKDMHHHH h noHJioxKH ( 4 ) , HarpeBa 
h nonnepxaHH* TeMnepaTyp HCTOHHHKa ( 5 ) h iioejioxkh ( 4 ) , 
20 o6ecneHHBaiomHX pocT MOHOKpncTanna HHTpnna amoMHHH* Ha 
noflJioxKe (4), oTJinnaiomaHCH TeM, hto MaTepnan KOHTaKTHpyx>- 

meH C HCTOHHHKOM H napaMH aniOMHHHJI nOBepXHOCTH pOCTOBOH 

KaMepa npencTaBJineT co6oh TBepflan pacTBop Kap6nna TaHTana 
b TaHTajie. 



5. 



Cnoco6 no n. 1, OTJiHHaiomHHCJi TeM, hto b KanecTBe 
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* Oco6uc icaTcropHH ccburoHHUx flOKyMCHroa: 

A AOKyMCHT. OnpCilCJlXKHUMH 061UHH ypOBCHk TCXHKKH 

E 6onee pamiHK aokymckt, ho ony&iHKosaHHUH Ha nary 
m oKiiyKapo hh o h noazHH hjim nocne Hee 

O JlOKyMCHT, OTHOCXUXH H Cfl IC yCTHOMy paCKpUTHK), 3KCHOHH- 
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SECTION B - PERFORMING OPERATIONS; TRANSPORTING 



B 01 PHYSICAL OR CHEMICAL PROCESSES OR APPARATUS IN GENERAL (furnaces, kilns, ovens, O 
retorts, in general F27 ) 



B01 F MIXING, e.g. DISSOLVING, EMULSIFYING, DISPERSING (mixing paints B44D 3/06) O 



Note O 

In this subclass, the following term or expression is used with the meaning indicated: 13 

"mixing" covers stirring of a single material. [2] 13 

Subclass Index 13 

DISSOLVING B01F 1/00 13 

MIXING, DISPERSING, EMULSIFYING 13 

Processes B01F3/00 13 

Apparatus 13 

flow mixers B01F 5/00 13 

with rotary action B01 F 7/00 , B01F 9/00 El 

other mixers B01F 1 1/00 , 13 

B01F 13/00 

accessories B01F 1 5/00 13 

EMULSIFYING OR DISPERSING AGENTS B01 F 1 7/00 13 



1 /00 Dissolving (separating by dissolving B01D; dissolving to effect cooling F25D 5/00) [2] 13 



3/00 Mixing, e.g. dispersing, emulsifying, according to the phases to be mixed 13 

3/02 . gases with gases or vapours 13 

3/04 . gases or vapours with liquids (mixing non-alcoholic beverages with gases A23JL_2/54) 13 

3/06 . gases or vapours with solids 13 

3/08 . liquids with liquids; Emulsifying 13 

3/10 . . Mixing very viscous liquids 13 

3/12 . liquids with solids (displacing one liquid by another in dispersions of solids in liquids B01 D 1 2/00 ) 13 

3/14 . . Mixing very viscous liquids with solids 13 

3/18 . solid with solids 13 

3/20 . Pretreatment of the materials to be mixed 13 

3/22 . Aftertreatment of the mixture 13 
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Mixers MM 



5/00 Flow mixers (sprayers, atomisers B05B); Mixers for falling materials, e.g. solid particles (B01 F 1 3/04 takes LI 

precedence; centrifugal mixers BQ4 ) 

5/02 . Jet mixers MM 

5/04 . Injector mixers LI 

5/06 . Mixers in which the components are pressed together through slits, orifices, or screens (turbo-mixers MM 

B01F 5/16; colloid-mills B02C; mixing valves F16K 1 1/00) 

5/08 . . Homogenising or emulsifying nozzles 1J 

5/10 . Circulation mixers LI 

5/12 . Pump mixers LI 

5/14 . . of the gear type Li 

5/16 . . Turbo-mixers LI 

5/18 . Spray-mixers LI 

5/20 . . with nozzles LI 

5/22 . . with rotary discs LI 

5/24 . Falling particle mixers with repeated action LI 

5/26 . Falling particle mixers with moving means, e.g. stirrers for increasing the mixing 13 

7/00 Mixers with rotary stirring devices in fixed receptacles; Kneaders ( B01F 1 3/04 takes precedence) LI 

7/02 . with stirrers rotating about a horizontal or inclined axis LI 

7/04 . . with paddles or arms LI 

7/06 . . with propellers LI 

7/08 . . with helices LI 

7/10 . . with rotary discs LI 

7/12 . . with cylinders LI 

7/14 . . with stirrers having planetary motion LI 

7/16 . with stirrers rotating about a vertical axis LI 

7/18 . . with paddles or arms LI 

7/20 . . . with fixed axis LI 

7/22 . . with propellers LI 

7/24 . . with helices LI 

7/26 . . with rotary discs O 

7/28 . . with cylinders LI 

7/30 . . with stirrers having planetary motion LI 

7/32 . . with openwork frames or cages LI 

9/00 Mixers with rotating receptacles (B01FJ 3/04 takes precedence) LI 

9/02 . rotating about a horizontal or inclined axis, e.g. drum mixers LI 

9/04 . . without bars U 

9/06 . . with fixed bars LI 

9/08 . . with rotating stirring devices LI 

9/10 . rotating about a vertical axis LI 

9/12 . . with paddles or arms LI 

9/14 . . with propellers LI 

LI 
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9/16 . . with helices 

9/18 . . with rotary discs O 

9/20 . . with cylinders El 

9/22 . with stirrers having planetary motion O 

1 1 /00 Mixers with shaking, oscillating, or vibrating mechanisms (801 F 1 3/04 takes precedence) O 

11/02 . Mixing by means of ultrasonic vibrations O 

1 1 /04 . with pendulum stirrers Ol 

1 3/00 Other mixers; Mixing plant, including combinations of dissimilar mixers CI 

1 3/02 . Mixers with gas agitation, e.g. with air supply tubes O 

1 3/04 . Mixers combined with safety devices O 

1 3/06 . Mixers adapted for working at sub- or super-atmospheric pressure KM 

13/08 . Magnetic mixers O 

13/10 . Mixing plant, including combinations of dissimilar mixers O 

15/00 Accessories for mixers III 

15/02 . Feed or discharge mechanisms Ol 

1 5/04 . Forming a predetermined ratio of the substances to be mixed (controlling ratio of two or more flows of III 

fluid or fluent material C05D 1 1 /02 ) 

1 5/06 . Heating or cooling systems El 



1 7/00 Use of substances as emulsifying, wetting, dispersing, or foam-producing agents (flotation agents O 
B03D 1 /001 ; used for particular applications, see the relevant classes, e.g. use of substances as detergents 
CI ID)" [3,5]" 

1 7/02 . Alkyl sulfonates or sulfuric acid ester salts derived from monohydric alcohols O 
1 7/04 . Sulfonates or sulfuric acid ester salts derived from polyhydric alcohols or amino alcohols or derivatives O 

thereof (sulfated or sulfonated fatty oils B01F 17/08 ) 

1 7/06 . Esters of higher fatty acids with hydroxyalkylated sulfonic acids or salts thereof O 

1 7/08 . Sulfation or sulfonation products of fats, oils, waxes, or higher fatty acids or esters thereof with 11 

monovalent alcohols 

17/10 . Derivatives of low-molecular-weight sulfocarboxylic acids or sulfopolycarboxylic acids El 

17/12 . Sulfonates of aromatic or alkylated aromatic compounds O 

17/14 . Derivatives of phosphoric acid El 

17/16 . Amines or polyamines El 

17/18 . Quaternary ammonium compounds O 

17/20 . Phosphonium and sulfonium compounds El 

17/22 . Amides or hydrazides El 

1 7/24 . . Amides of higher fatty acids with aminoalkylated sulfonic acids El 

17/26 . Sulfonamides El 

1 7/28 . Aminocarboxylic acids (protein hydrolysates B01 F 1 7/30) El 

17/30 . Proteins; Protein hydrolysates El 

17/32 . Heterocyclic compounds El 

1 7/34 . Higher-molecular-weight carboxylic acid esters ( B01F 1 7/06 takes precedence) O 

17/36 . . Esters of polycarboxylic acids El 
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1 7/38 . Alcohols, e.g. oxidation products of paraffins LI 

17/40 . Phenols |J 

1 7/42 . Ethers, e.g. polyglycol ethers of alcohols or phenols LI 

17/44 . . Ether carboxylic acids LI 

17/46 . . Ethers of aminoalcohols LI 

17/48 . . Cellulose ethers LI 

17/50 . Derivatives of lignin LI 

1 7/52 . Natural or synthetic resins or their salts LI 

17/54 . Silicon compounds LI 

17/56 . Clucosides; Mucilage; Saponines LI 
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